A major component of rehabilitation for individuals post acute stroke is teaching activities of 2 daily living (ADL). Motor skills such as walking, getting dressed, and wheelchair mobility are 3 often taught during the rehabilitation process in an attempt to maximize a patient's independence. 4 Two methods for teaching ADL's to patients post neurological injury are errorless learning (EL) 5 and trial and error learning (TEL). EL is a method that is structured so that the subject is 6 prevented from making errors while learning a task. TEL is a process in which the subject is 7 encouraged to try to guess or figure out the correct response and learn from any errors made. 8 Evidence suggests that TEL results in better retention of skills than EL for individuals without 9 memory deficits [1] [2] [3] . EL has been reported to be more effective than the TEL for teaching retention 10 of information in people with cognitive disorders such as mental retardation 4 reported a statistically significant effect size for the effectiveness of EL in teaching retention of 13 skills in patients with amnesia. However, the assessment of the effectiveness of TEL and EL in 14 teaching skills to patients post acute stroke has not been investigated.
16
The mechanism of EL training is unknown but has been attributed to both the use of residual 17 explicit memory 10 which was less than one week from the time of screening, the subject was excluded from the 18 study. Figure 1 demonstrates the results of the recruitment efforts for this study. The design was a randomized crossover design. The crossover design was selected so that 6 subjects could serve as their own controls. This was important because of the heterogeneity 7 within the population and the difficulty recruiting and running large samples within an acute 8 rehabilitation setting. Each subject learned two tasks, one using the EL instructional method, and 9 one using the TEL method. Subjects were randomly distributed to groups, which varied the type The functional tasks used for instruction were preparing a wheelchair for a transfer and putting 22 on a sock with a sock-donner a . These tasks were chosen because they are commonly taught to 23 patients with acute stroke in the inpatient rehabilitation setting, are easily broken down into 1 discrete steps, can be performed even if one side of the body is completely paralyzed, and are 2 unlikely to have been learned prior to the stroke. Subjects who participated in the study were 3 asked to refrain from practicing either task during their regularly scheduled therapy sessions or 4 during their daily routine. Also, the subject's treatment team was informed of their participation 5 in the study and was asked not to teach either task. Prior to instruction in the wheelchair task, 6 patients were transferred into a standard wheelchair with bilateral brake extensions, a footplate, 7 and a button release seatbelt if the wheelchair that they used in the hospital did not have those 8 specifications. The wheelchair was positioned next to an exercise mat with the less involved side 9 adjacent to the mat. Prior to instruction in the sock-donning task, the patient's own sock was 10 removed from his or her less involved foot and the patient was issued a standard white tube sock 11 and the sock-donner. The steps of the wheelchair and sock-donning tasks are listed in Table 1 . Detailed protocols were developed for each instructional method for each task, including 16 decision trees indicating how the instructor should respond depending on the subject's behavior.
17
For tasks taught using TEL, the subjects were permitted to make errors during the task sequence 18 but were provided with progressively more specific verbal cues to correct the errors. After the 19 first error was committed during a trial-and-error trial, the researcher told the subject an error was 20 made and asked the subject to try again to complete the step. After the second error on the same 21 step, the researcher provided a multiple-choice cue to the subject. After the third error, the 22 subject was given a directed cue to tell them what part of the body, sock donner, or wheelchair 23 needed to be addressed to complete the step. If the subject was still unable to complete the step 1 after the directed cue, the researcher provided hand-over-hand assistance with verbal cues to 2 teach the subject the correct step of the sequence. If the subject made only a verbal response or 3 did not attempt to complete the next step of the task after a fifteen second period, it was 4 considered an error and the next cue was provided. This rule structure for cueing was followed 5 until the subject completed all five steps of the task. During EL training sessions, the subject was first instructed not to attempt to perform the next 8 step of the task unless he was confident that he was correct. The subject was told that if he was 9 uncertain, he should ask the instructing therapist to show him the correct step. The therapist 10 would then provide hand-over-hand instruction with verbal cues to complete the step. If a subject 11 started to make an error during the performance of a step, the therapist would as quickly as 12 possible stop the subject from making the error and provide hand-over-hand instruction with 13 verbal cues to perform the step correctly. This rule structure was followed until the subject 14 completed all five steps of the task. sequence. An error was coded as a verbal error when a subject provided only a verbal response 18 and did not attempt to complete the next step of the task. When a subject did not attempt to 19 complete the next step and did not make a verbal response, it was classified as an error of no 20 response. An error of action was defined as a step that was performed incorrectly while an error 21 of sequence was defined as a step that was performed out of sequence. At the start of each testing session for each task, the subject was first asked to correctly complete 3 the task without verbal instructions. When a subject was able to correctly complete a task on two 4 consecutive trials without any physical assistance or verbal cues and prior to any instruction on 5 that day, the subject was considered to have achieved retention. If retention was not achieved 6 after seven days of training, training was discontinued for the subject. Training was limited to 7 only seven days due to limitations in subject length of stay and the availability of data collectors 8 for extended periods of time. If the subject was unable to successfully complete the task for two consecutive trials, instruction 11 was provided to the subject in the form of verbal and physical guidance. The instructor physically 12 moved the subject's limbs through performance of the task while providing verbal instruction. 13 The subject was then asked to try to perform the task without verbal and physical guidance. It 14 was during the subject's attempt to reproduce the performance that differential instructions and 15 feedback were given according to whether the task was being taught using TEL or EL. This 16 sequence of teaching the entire task followed by the subject being asked to reproduce the task The day after retention was achieved, the subject was tested on a carry-over task, which was 23 similar to the original task. Carry-over of the wheelchair task was assessed using a wheelchair Instructors were required to complete all protocols for instruction of both tasks using both 16 methods, and were required to score the "patient" performances during the instruction, retention, 17 and carry-over tasks without any errors. Survival analysis was used to compare the incident rate (IR) of retention for errorless versus trial- 13 and-error method in subjects with impaired memory and intact memory. The incidence rate (IR) 14 is the number of subjects who succeeded in learning the task expressed as a proportion of the 15 number of subject-days, which is the number of subjects times the number of days that subjects 16 participated in the study. A higher IR indicates a more effective method. Survival analysis was 17 selected in order to take into account subjects who did not achieve retention during the seven-day 18 testing period. An analysis that could not take these subjects into account would systematically 19 eliminate data from the least successful subjects and provide misleading results. The non-20 parametric log-rank test for survival analysis was used due to a non-normal distribution of the 21 data.
22
There were imbalances in proportions of males vs. females and right versus left stroke among the 1 subgroups. While none of these variables had a significant effect by itself, the lack of 2 significance may have been due to the small sample sizes, and therefore logistic regression was 3 used to adjust for these imbalances when analyzing both the retention and the carry-over data. 
Results

14
The median number of days required to learn the wheelchair task was 2.5 days when using EL 15 and 3 days when using TEL. The median number of days required to learn the sock-donning task 16 was 3 days when using EL and 2 days when using TEL. The median memory score for all 17 subjects on the Neurobehavioral Cognitive Status Examination was 9 with a range from 3 to 12.
18
Fourteen subjects were classified as having impaired memory while 19 subjects were classified 19 as having intact memory. Eighty two percent of subjects (27/33) were able to learn the sock donning task while 91% of 22 subjects (30/33) were able to learn the wheelchair task. enabling patients with different levels of memory to achieve retention of these functional skills. The sock-donning carry-over task was successfully completed by 41% of subjects who attempted The purpose of this study was to compare the effectiveness of EL and TEL for teaching ADL's 6 during acute stroke rehabilitation to subjects with or without explicit memory impairments. To 7 our knowledge, no studies have examined the effectiveness of EL and TEL in patients with acute 8 stroke using functional tasks commonly taught in rehabilitation. The first two hypotheses of our 9 investigation were that subjects with intact explicit memory would be able to learn a functional 10 task faster using TEL while subjects with impaired explicit memory would be able to learn a task 11 faster using EL. The present study did not find significant differences in the effectiveness of TEL 12 compared to EL for teaching functional tasks to subjects with an acute stroke with intact or The third hypothesis was that successful carry-over to a variation of the learned functional task 18 would be greater among individuals who learned the functional task using a trial-and-error 19 approach as compared to an errorless approach. The present investigation found that subjects 20 who were taught sock-donning using TEL were significantly more likely to successfully 21 complete a carry-over task as compared to subjects trained using EL, when differences in explicit 22 memory were controlled for using logistic regression. While improved carry-over of new skills 23 after training with TEL compared to EL has been reported in subjects without neurological 1 dysfunction 1-3 , there has been little research addressing the issue of carry-over for populations 2 with memory impairment 9 . We believe that this is the first investigation to report a significant 3 advantage in carry-over in subjects with acute stroke learning a functional task using TEL rather 4 than EL.
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No significant difference was found in carry-over of the wheelchair task for subjects who learned 7 using TEL versus EL. For the wheelchair task, carry-over appeared more dependent on whether 8 the subject had impaired memory than on the method of instruction (see figure 3) , although the 9 effect of memory impairment did not achieve significance (p=.09). Further research is needed to 10 explore the relationships between method of instruction and memory ability for individuals with 11 acute stroke learning different types of tasks.
13
The patterns that emerged in both learning and carry-over for these subjects with acute stroke 14 were different for the two tasks (see figures 2 and 3), although the nonparametric statistics 15 required for this study did not allow us to test for a significant interaction effect. In designing this 16 study, an attempt was made to select equivalent functional tasks taught in acute rehabilitation so 17 that each subject could use a different method for each task and serve as his or her own control.
18
Setting up for a wheelchair transfer and using a sock-donner were selected due to similarities in 19 the tasks with respect to the number of steps involved, the novelty of the task for subjects, and The nature of the errors committed by subjects while learning the different tasks was analyzed 2 with the hope of gaining insight into whether there were in fact differences in how the two tasks 3 were learned. It was found that when learning the wheelchair task, subjects were more likely not 4 to attempt a response. However while learning sock-donning, subjects were more likely to 5 commit errors of action. It may be that errors of action occurred more frequently during sock-6 donning because perceptual judgment was required to perform some of the steps correctly, such 7 as judging how far to pull the sock down, and how to position the sock-donner on the floor. One of the strengths of this study is its external validity for health professionals working in 17 rehabilitation settings. Kessels and deHaan 9 conducted a meta-analysis concluding that errorless 18 learning is effective for amnesic patients, however, they identified as a limitation of the meta-
19
analysis that few studies looked at the effectiveness of errorless learning in "real-world" settings. Testing the effectiveness of EL versus TEL in a natural acute rehabilitation setting was a strength
Conclusion
1
The present investigation suggests that for individuals with acute stroke, the effectiveness of EL 2 compared to TEL may be dependent on the nature of the task to be learned. The TEL approach 3 significantly improved carry-over of learning of the sock-donning task compared to EL, while 4 there was no difference in carry-over of the wheelchair task between learning methods.
5
Additional research is needed to identify the best approach for teaching different activities of 6 daily living and facilitating carry-over of learning for individuals with acute stroke. We would like to thank the subjects of this investigation who were generous with their time 10 while undergoing acute inpatient stroke rehabilitation. Also, we would like to acknowledge the 11 physical and occupational therapists from MossRehab and the physical therapy students from
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Thomas Jefferson University who participated as data collectors throughout the study. Step and intact memory. 
